Industrial development has always been seen as the main engine for economic growth due to its large economic multiplier and technological opportunities. However, manufacturing sectors are directly and indirectly responsible for a large share of overall environmental pressures, raising concerns for the environmental sustainability of manufacturing-based development. In this paper we evaluate the drivers and decoupling trends of environmental pressures arising (directly or indirectly) from manufacturing production and consumption for a large selection of developed and developing countries.
Introduction
This work aims at analysing the environmental performances of manufacturing sectors and their main drivers, namely economic factors, technology and trade among others. In particular we focus here on the dynamic development of environmental performances, both in absolute terms and in 'productivity' terms, through both decomposition and an econometric analyses. The analysis aims to highlight differences over time, across geographical areas, income categories and by sectorial technological classes. Strong emphasis is assigned to the comparison of consumption and production perspectives 1 , while the main framework of reference is based on the Environmental Before delving in more detailed discussions on sectoral performances, it may worth taking a step back to the aggregate environmental-income relationship. Recent studies on the dynamics of CO2
by country outline that high income countries have slightly reduced their direct emissions in manufacturing sectors overall (Musolesi et al. 2010) , while both medium low and medium high income groups have witnessed increases. The depicted situation clearly shows that there is still an increasing production of carbon dioxide worldwide. It is worth noting that there could be a 'link' between the higher elasticity of carbon dioxide to income in medium low and medium high income groups and the role of trade (e.g. moving production abroad, off-shoring and out-sourcing production of heavy manufacturing as key examples), which explains part of the emission reduction in high income countries. Worldwide emissions in manufacturing sectors are somewhat increased due to the process of deindustrialization/demanufacturing of more advanced countries and to the fact that goods are produced with higher CO 2 /value added intensity in emerging countries. Being such demanufacturing a natural evolution of economic systems (Baumol 1967; Rodrik 2013) , environmental and innovation policies should favour technological transfers, in addition to the aim of minimising the costs of complying with environmental regulations in the short run, when the two aspects may be in conflict. Finally, technological change is another piece of this complex puzzle, as high technological intensity and high value added specialization allow reducing emissions, then 1 Following EEA (2014) the production perspective approach considers only direct domestic emissions while final demand consists of total final demand (domestic demand and export) of domestically produced goods. The consumption perspective approach considers also foreign emissions by including in the matrix of inter-industry transactions both domestically produced and imported intermediate inputs, while final demand includes overall demand by resident agents, thus including domestic and imported final consumption but excluding exports.
trade development (e.g. increased net imports of polluting goods) may further contribute to this reduction 2 , making necessary to explore both production and consumption perspectives (Marin et al. 2012; EEA 2014a ) along the evolution of economic systems. It is worth noting the joint role of economic value and technology to generate emission reductions: those are two factors that are characterised by dynamic co-causations, one being the driver of the other and vice versa (Costantini & Mazzanti 2012; Costantini et al. 2013) . Nevertheless, only a robust technological progress may reverse the CO 2 increasing trend. These empirical facts shortly but coherently narrate pieces of a Kuznets-like dynamics, and Figure 1 shows how the significant increase in CO2/GDP levels was not to sufficient to outweigh the GDP scale effect.
[ Figure 1 about here].
Environmental productivity (EP) is an other relevant factor in this framework, which as in Gilli et al. (2014) we here define as economic value over CO2 emissions (similarly to labour productivity which is defined as VA/L) 3 . Considering this other aspect make the investigation more complex since EP is composed of two latent trends regarding carbon dioxide and economic values.
The first one is the elasticity of carbon dioxide to income, when GDP either increases or decreases, which brings us back to the Kuznets discussion. The issue is particularly relevant and regards specifically how to increase the EP performance in medium technology sectors, which are the ones possibly less affected by international trade -to increase value -and international policy pressures to reduce emissions. The second aspect refer again to the role of technological progress, which can be seen as the main element capable of influencing this elasticity, allowing in other terms to sustain a certain level of living standard reducing the impact to the environment. On this point, Vollebergh In the following, we offer a macroeconomic glance with a focus on main world areas.
The following sections convey new evidence on the income, trade and technology drivers of carbon dioxide emissions produced by industrial development. We will present insights based on econometric and decomposition analyses, which touch both the production and consumption side of environmental performances. Section two decomposes manufacturing CO 2 emission performances across countries through a shift-share analysis. Section three discusses the so called consumption and production perspective, and introduces the main data used in the analysis. Section four presents empirical exercises aimed at testing for the presence of a non-linear EKC path, accounting for the role of technological change. Finally, Section five lists the main highlights and original outcomes.
Decomposition analysis of emissions in the manufacturing sector
In this section, we present a decomposition analysis which relies on the geographical dimension only (shift share analysis), by comparing each country with the world-average and the geographical and income-class average. In doing that we exploited two different data sets. The Real value added in US dollars by manufacturing sectors (ISIC Rev 3.1) comes from the INDSTAT2 database maintained by the UNIDO, while CO2 air emissions from the combustion of fossil fuels are retrieved from the corresponding database maintained by the International Energy Agency (IEA) 4 .
Shift share analysis is a common tool in regional and urban economics (e.g., Esteban 2000): its aim is to quantify the role played by different factors in driving growth or intensity differentials between a single region (or a single country) and a benchmark (for instance the country in which the region is contained or, in our case, the countries with respect to the world average). Concisely, the technique decomposes the differential in the variable of interest between each regional and the national average into its two main factors: the region performing generally better than average or a regional specialisation in fast growing sectors. In the present paragraph, we adopt the shift-share analysis to decompose the total emission efficiency (emissions per value added) differentials for the manufacturing sector into three components, called structural (M), differential (P) and allocative (A), which can be interpreted as follows 5 :
1. The differential factor (P), which reflects that part of the difference in emission intensity of a country is due to differences in within-industry environmental efficiency. The index assumes positive (negative) values when the country is less (more) efficient in term of emissions, under the assumption that the country sectoral composition is the same.
2. The structural factor (M) reflects a country sectorial mix, and quantifies the contribution of differences in the composition of the manufacturing sector to aggregate differences in emission efficiency. This value assumes positive (negative) value if the region is specialised in more (less) emission-intensive sectors (according to the chosen indicator).
3. Finally, the last factor, called allocative component (A) is calculated as the covariance between the previous two components, and represents the contribution to the emission differential between the country and the world average given by its specialisation in more environmental efficient sectors. A positive (negative) value would mean that country is specialised in more (less) polluting sectors, which are less (more) efficient with respect to the world average.
It is important to notice that the sum of these three components gives the exact emission efficiency differential between the country and the world average. As a consequence, the interpretation of coefficients reported in the following tables is straightforward: a negative sign always indicates a better than average performance, and a positive sign a worse than average performance. Table 1 presents the first aggregate evidence, in which the performance of the four different income groups is compared with the world average. Several interesting differences emerge across the groups. Firstly, it can be noted as the sectorial mix is a relevant factor only for low income and high income groups, which appear to be specialised in less polluting sectors with respect to the world average. This result can be derived by the coefficient of the M component, which is negative for these two groups. The opposite evidence can be found for mid-low and mid-high groups, which detain the core of heavy polluting manufacturing sectors. By contrast, the only income group that shows a negative and below the average value of the differential factor is high income, that is always environmentally more efficient than the other groups. This result is perfectly in line with environmental Kuznets curve framework, which is based on the assumption that being environmental protection a normal good, its demand increases with the income level. Finally, the last component shows an interesting evidence. Low and mid-low income countries tend in fact to have all negative values in the covariance component, which means that they are specialised in sectors in which they are more environmental efficient than average. This is an interesting result, which underlines that despite the fact that these countries tend to be, on average, less environmental efficient than the world level, they have a sort of 'green specialisation'. Finally, it is interesting to notice that these cross sectional decomposition do not change in a significant way across time, and all considerations made above tend to hold over the entire analysed period. This main evidence is confirmed in Table 2 , which presents the same analysis but at country level. If we consider for instance the differential factor (P), several high income countries present higher than average performances, which means that they are more environmental efficient than average. This is for instance the case of Austria, Australia, Italy and the USA.
[ Table 1 and Table 2 about here
Consumption vs production perspective
The analysis in Table 1 and Table 2 , are conducted using data on direct emissions from manufacturing sectors i.e. environmental pressures directly exerted for the production of manufacturing goods (also known as 'production perspective'). A different and complementary approach can be derived considering, on the other side, the direct and indirect emissions occurring along the supply chain, or the so called 'consumption footprint' or 'consumption perspective'. This second perspective is interesting because it calculates the total environmental pressure corresponding to the final demand for selected consumption categories (here manufacturing goods only) of a given country in a given year, tracking all emissions along the entire supply chain. In other terms this means that it considers both direct and induced emissions, net of emission associated to goods/service used as intermediate inputs in other sectors. Operatively, the main complication when adopting this last approach is that consumption footprints data need to be estimated. In our analysis, we rely on environmentally extended input-output (EEIO) modelling starting from the EORA multi-regional input-output database (Lenzen et al., 2013) 11 . We compare, for the four income groups first and then for a selection of countries, the consumption and the production perspective of manufacturing production/consumption. In particular, in Table 3 , the first five columns represent the ratio of emissions induced worldwide by domestic consumption of manufacturing goods ('consumption perspective') that occurs in any sector (e.g. electricity generation in the utilities sector purchased by the manufacturing sector) divided by the direct emission of domestic production of manufacturing goods ('production perspective') either consumed domestically or abroad as final goods or intermediates. In other terms, an higher level of this indicator indicates that the analysed country releases more emissions to satisfy the final demand of manufacturing goods as compared to direct emissions released by its manufacturing sector, or in other terms that their consumption footprint of manufacturing goods is greater than their production footprint.
12
Looking at the results, several important considerations can be drawn. Firstly, in low and low-mid income countries, the consumption footprint is much higher than the production footprint, which means that they induce relatively more emissions worldwide with respect to the two other income 11 More details about data and methods for this section are reported in Appendix C. 12 The world-level weighted average of this indicator is not necessarily equal to one as the consumption perspective of manufacturing goods on the one hand does not consider those manufacturing goods that serve to generate final products and services in non-manufacturing industries and on the other hand it does account for emissions occurring to nonmanufacturing sectors that serve as suppliers of intermediate goods and services to the manufacturing sector.
groups. This is obviously only a relative result, given by the comparison of the coefficients across the groups. This evidence does not consider the size of emission of the two income groups. If we look at the right five columns of table 3 in fact, we can easily note that despite their (relatively)
higher consumption footprint, low and mid low countries only account for a small share of total CO 2 direct emission, which increased from the 4% in 1970 to the 13% in the 2000. Even though this result seems to contradict recent evidence about offshoring and carbon leakage, we should bear in mind that for most of these low-income countries the manufacturing sector (and the corresponding emissions) represented only a minor part of their economy and they were importing manufacturing goods from high-income countries (where indirect emissions occurred) in exchange of agricultural products or raw materials (that do not enter our measure of production perspective, that is the denominator of our indicator).
Moving from a cross-country analysis of the data to the time series dimension, some interesting results emerge. The most relevant one is the fact that we observe opposite trends of this indicator in high income countries and the three other groups. High income countries increased their share of consumption footprint over direct emission, i.e. they depend more on other countries (that are, on average, less environmental efficient) to satisfy the domestic demand of manufactured goods. On the contrary the other three income groups experienced opposite trends. The driving forces behind this evidence are manifold. Firstly, an increase in domestic emission efficiency decreased the production footprint for a given level of industrial production, increasing the level of the indicator.
Secondly, also offshoring and delocalisation are two factors which might have decreased the production footprint, explaining again the result for high income country. Thirdly, the increasing process of industrialisation experienced by the other three income groups, as suggested by the increasing trend in their contribution to global direct emissions, is probably the main driver behind their performances. Moving to Table 4 , we can see as this trend is confirmed also when looking at single countries. If we take for instance Germany, Italy and the US, we can see that their consumption perspective has increased significantly with respect to their production perspective.
On the contrary, emerging economies like China and India experienced the opposite trend.
[ Table 3 and Table 4 about here]
Environmental Kuznets Curves: achieving decoupling through

Industrial development and technology
The aim of the section is to analyse the impact of income and technological factors on the environmental performance of developed and developing countries over time. We adopt as model of reference the consolidated Environmental Kuznets curves framework (Marin & Mazzanti 2010 ).
We analyse EKC dynamics by using an unbalanced panel dataset which runs over 8 periods (5-years length) from 1975 to 2010, thus covering the era of oil shocks, the 1992 Rio Convention, and the post Kyoto Protocol period. We estimate EKC in a simple reduced form -by fixed effects panel model -with the aim of testing non linearity with respect to GDP and the role of additional factors.
The estimated equation in a panel setting (i,t) is:
Where CO 2 is the amount of CO2 emissions from manufacturing sectors (from the EORA database, refer to Appendix C for further details). We will scrutinise both production, namely direct emissions produced by economic activities, and consumption perspectives (refer to Appendix C for further methodological details), namely direct and indirect emissions released to satisfy domestic final demand for manufacturing goods, to shed light on 'sustainable consumption and production' issues (EEA 2014a) . POP is population, GDP the income factor. Technological elements (TECH) are proxied by the flow and stock of national patents (PATc, PATs) and spillovers (SPILL), built as the average patenting intensity in neighbouring countries. Z hosts additional relevant factors such as trade openness (TRADE) and inequality indexes (GINI). We use a parsimonious approach and include in the regression the factors one by one in addition to the GDP-only baseline regression. We finally include time dummies and comment on the role of temporal (fixed) effects; to verify whether the significance of given factors (e.g. TRADE) is explained and absorbed by simple temporal contents. Descriptive statistics are presented in the appendix (table C.1).
We present estimates for the whole sample of countries and -to offer more interesting and eventually differentiated evidence -by world areas: Europe, Asia, Africa, America 13 .
Whole sample 14
The aggregate evidence for production perspective CO2 emissions of manufacturing sectors (Table   5) 13 Since only eight countries from Oceania continent are included in the full sample, the restriction of the analysis to the Oceania subsample would lead to biased and thus uninformative estimates. Therefore, it has not been possible to narrow the EKC analysis to this area. 14 The size of the panel considering all available countries, namely countries that present a reasonable coverage over time (not all periods) and over the considered variables, is 1325. 15 We note that cubic effects are not significant here and for subsamples of countries. 16 In addition to patents, the share of R&D on GDP is also introduced as alternative covariate (results available on request). R&D is similarly not significant across all specifications, and as expected it is positively correlated to patents. There is some similarity with the methodological oriented evidence provided by Eberhardt et al. (2011) , who highlight the significance of factors which capture unobserved effects over R&D in the estimation of production functions. Technological (and policy) factors are highly related to time events and dynamics. The inclusion of temporal effects often brings about the irrelevance of those factors.
Technological progress induced by private R&D expenditure has a positive sign while the sign of public R&D expenditure shows a puzzle result'.
Another issue is that we can only include total patents, not green ones. Total patents capture the overall innovation capacity, both in brown and green economy. It would be nevertheless un-correct to include green patents even if they were available, since green patents are defined only for green sectors and thus are more a proxy of the "greeness" of the sector than of the abating technology;
indeed, several emission reducing innovation are not patented in green sectors 17 .
In addition, we note that overall worldwide evidence can hide heterogeneous conditions across areas and countries. Policy implications are also more difficult to draw, without more specific insights. On the role of unobserved heterogeneity factors see again Eberhardt et al. (2012) , who
show that taking into account heterogeneity and cross section dependence shrinks and nullifies the role of factors such as R&D.
The consideration of a 'consumption' perspective, where an alternative dependent variable is adopted, shows a different outcome: the nonlinear path is characterised by a U shape, with a strong relevance of time effects. The U shaped relationship between income and 'consumption perspective' emissions evidences the lack of decoupling when considering overall footprint of the consumption of manufacturing goods, that is in line with the idea that higher income countries offshore polluting productions with little shift to the consumption of goods characterised by a small footprint. If, on the one hand, higher income countries prefer a clean environment at home because environmental quality is considered as a normal good, on the other hand, progressing along the income curve increases the demand for goods that are increasingly produced abroad. Inequality turns out to be positively related with consumption perspective emissions per capita while the relationship was negative for production perspective emissions.
[ Table 5 and Table 6 about here]
Europe
The turning point of the EKC for the European sub sample is within the range of observed GDP levels as well. Temporal effects seem to capture a large part of emission reduction since the mid80s (Table 7) .
Regarding the other potential drivers of emission reduction, only TRADE maintains significanceand a negative sign of the coefficient -when temporal dummies are introduced. Thus, we may 17 Green patent here is referred to the OECD ENV-TECH classification.
preliminary affirm that temporal effects may capture exogenous technological change, which spreads over all countries and eventually the increasing policy stringency over time. Specific technological effects at country level do not pass through the test of including time effects.
The consideration of a 'consumption' perspective in Europe, is different in terms of evidence with respect to the other countries: the most robust specification is linear, with a positive elasticity coefficient of 0.277 (Table 7) . Again, this highlights the absence of absolute decoupling in terms of overall footprint of consumed manufacturing goods for European countries.
[ Table 7 and Table 8 about here]
Asia
The evidence for Asian countries presents a robust EKC. We note that both TRADE and the intensity of patents flow (PATc) are significant (Table 9 ). Both coefficients show a negative sign: in Asian countries, trade openness and technological intensity have both reduced emissions. On the one hand, technology development is a source of emission per capita reduction in emerging export oriented areas. While not always 'green', technology development increases efficiency of production, in first place through energy efficiency investments that present more appropriable returns than actions aimed at mere GHG reductions.
On the other hand, the role of trade is more counterintuitive in Asia. It seems that the increase in scale of (carbon intense) export-driven emerging economies (China, India) is counterbalanced by other elements. There are also countries (Japan, Malaysia, etc) whose exports is less dependent on carbon intense inputs. Further analyses could look at even more specific levels, up to the country level. All in all, the trade and technological dynamics, which are somewhat interrelated by cocausations, have helped Asian manufacturing based economies to move to at least a relative decoupling path, wherein emission increasing scale effects do find some compensations.
The consideration of a 'consumption' perspective (Table 10 ) is associated to significant evidence from economic and statistical point of views. The U shape we noted worldwide is possibly driven by Asia, for which also other covariates are significant: SPILL (negative); PATc (Positive), PATs (positive) and GINI (positive).
[ Table 9 and Table 10 about here]
Africa
As it was expected, African countries do not present EKC dynamics. The CO2-GDP elasticity is around 0.147, thus indicating a relative decoupling. The coefficient is not large in magnitude, but an actual turning point is absent for the continent. Balancing income and time effects, the driving force of the latter prevails as dynamics behind the increase of CO2 per capita (Table 11 ). In addition to that, while the TRADE element is not significant, both GINI and PATs show negative significant coefficients: more unequal countries and countries with higher technological intensity report lower emissions per capita.
The consideration of a 'consumption' perspective does not associate to significant evidence from economic and statistical point of views 18 .
[ Table 11 about here]
America
The area presents a within-range turning point for the EKC curve (Table 12) [ Table 12 about here]
Concluding remarks
Our paper provides diverse and complementary insights on the relationships between environmental performances and the correlated drivers, taking a new original manufacturing sector perspective.
The shift share analysis shows that high-income countries tend to be generally more environmentally efficient than the average and tend to be more specialised in high technology and greener sectors, a result which is in line with economic theories and EKC. of EKC shape appears, temporal effects seem to capture a large part of emission reduction since the mid 80's. Trade openness reduces carbon dioxide, confirming the idea that production delocalisation in emerging areas is part of the CO 2 reduction in wealthier countries. In fact, the 'consumption based analysis' shows a positive relationship between carbon dioxide and GDP. In Asian countries, trade openness and technological intensity have both reduced emissions. The inverted U shape EKC in the production analysis turns into a U shape. Again, the two analyses look at the economic system from different perspectives and provide complement insights. In Africa, as it was maybe expected, EKC dynamics are not present: the elasticity of carbon dioxide to income is nevertheless below unity, a signal of relative decoupling. In addition, it might be noticed that more unequal countries and countries with higher technological intensity report lower emissions per capita. In the Americas, nonlinear CO 2 -income paths are shown, with a strong effect of 'temporal factors' again, that seem to cause an increase in emissions in the last two decades, which is similar to what temporal factors highlight for the EU. The hypothesis that technology drives down CO 2 to compensate scale effect is more relevant for developing and emerging economies, while in the EU trade is a determinant factor. When technology matters, it is not due to spillover effects, though this evidence needs further (spatially oriented) research. Temporal related factors often show greater relevance. This opens the way to further analyses and introduction of additional carbon dioxide drivers, e.g. policies. The nonlinear EKC path do not exists when we introduce a consumption rather than a production perspective. In the most relevant cases, the EU presents a positive link between emissions and economic value, while Asia presents a U shape opposite to the EKC hypothesis. This shows that the EKC evidence we may find heavily rely on the 'production oriented approach'.
Finally, regarding the specific comparison between consumption and production perspective through input output techniques, we further note that the ratio between the footprint of domestic consumption of manufacturing goods and the domestic direct emissions of manufacturing sectors (namely, consumption and production perspectives) is increasing when moving from high-income countries to low-income countries, due to the greater development of the manufacturing sector in high-income countries. However, when looking at the dynamics of this indicator we observe a progressive convergence of low-income countries (due to increased importance of manufacturing in these countries) towards high-income countries, in which a rather stable dynamics of consumption of manufacturing goods has been accompanied by the offshoring of manufacturing activities towards lower-income countries.
Appendix A: IEA and INDSTAT databases -Online Supplementary Material
The empirical analysis reported in shift share analysis of the current article is based on two different databases. CO2 air emissions deriving from the combustion of fossil fuels are retrieved from the corresponding database maintained by the International Energy Agency (IEA To combine the two datasets and to cover a sufficient number of countries and time period, we aggregate sectors as follows:
[ 
Appendix B: Shift-share analysis -Online Supplementary Material
The shift-share analysis is a useful tool, because it allows decomposing the emission efficiency differential between a country y and a benchmark (in this case, the world average) into its three main components: the country's industrial composition, the country specialisation in more environmental efficient sectors and the covariance between these two factors. These components are generally called in literature structural (M), differential (P) and allocative (A) (Costantini et al.
2011).
If for instance, we take the world average indicator of emission intensity CO2/VA as the benchmark and the value of CO2 y / VA y for country y, the total indicator can be decomposed as the sum of (E S /VA S )*(VA S /VA), where E S is the sectorial emission level and VA S /VA is the share of sectorial value added on total value added for sectors s, where s ranges from 1 to j (j is the number of manufacturing sectors included in our dataset, see Table A1 for the full list of sectors included in the analysis). As a consequence, referring to the following notation:
 X is the emission intensity index (where X=CO2/VA for the world average and X y = CO2 y / VA y for country y), and X S is the sectorial emission intensity. This can be also written as:
 P S is the sectorial value added and is defined as P S = VA S /VA
The emission efficiency differential of country y, defined as X y -X, can be decomposed into its three component M, P and A according to the following formulas (For an economic interpretation of the indexes see the main text):
1. The structural factor (M), or country sectorial mix, is calculated for country y as:
2. The differential factor (P), is calculated for country y as:
3. The allocative component (A), is calculated for country y as:
Appendix C: Consumption perspective and the EORA database -
Online Supplementary Material
Information on CO2 emissions used in analysis of section 3 and 4 is based on the EORA (http://worldmrio.com/) database (Lenzen et al. 2012; Lenzen et al. 2013) . The database provides estimates of sectoral direct CO2 emissions together with year-specific world input output tables for 187 countries, 26 sectors (7 of which pertaining to manufacturing sectors) over the period 1970-
2011.
We build two different indicators of emissions based on this base of data. The first is labelled as 'production perspective emissions' and refer to direct emissions by manufacturing sectors due to their production activity. This indicator reflects the pressures exerted by the manufacturing sector as a whole no matter where the goods produced are then consumed and with no consideration of indirect emissions (i.e. from other sectors and, eventually, other countries) occurred along the supply chain to produce these goods.
The second indicator, labelled as 'consumption perspective emissions', measures the amount of emissions needed (directly and indirectly, at home and abroad) to satisfy the domestic demand for manufacturing goods. The indicator is built by exploiting the information from the world input output tables of EORA that allow to account for emissions occurring along the whole world supply chain of domestically-consumed manufacturing goods. We adopt the common approach described by Serrano & Dietzenbacher (2010) , based on the Leontief input output model, to compute 'consumption perspective emissions'.
The world totals for the two indicators would not necessarily coincide. This is because while 'production perspective emissions' only consider direct emissions from manufacturing sectors, 'consumption perspective emissions' include indirect emissions that occur in other relevant sectors (e.g. the power generation sector) and are embodied in manufacturing goods while it excludes emissions corresponding to those manufacturing products that are used as intermediate inputs for
other non-manufacturing sectors.
